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Claims 



1. Odor- and water-absorbent sheet, characterized by laminating a layer from magnesium 
silicate-containing clay mineral particles and a highly absorbent resin layer, with a cottony 
pulp-based fibrous absorbent layer in the middle, with each layer being independent. 

2. Odor- and water-absorbent sheet described in the above Claim 1, wherein, based on the 
combined weight of the magnesium silicate-containing clay mineral layer and the highly 
absorbent resin layer, the content of the magnesium silicate-containing clay mineral layer is 
40-75 wt% and the content of the highly absorbent resin layer is 25-60 wt%. 

3. Odor- and water-absorbent sheet described in the above Claim 1, wherein the particle 
size of the magnesium silicate-containing clay mineral is in the range of 74-840 ^im. 

Detailed explanation of the invention 

Industrial application field 

The present invention concerns odor- and water-absorbent sheets that can be used widely 
for disposable diapers, bed excretion materials, sealing materials^ packing materials, air duct 
odor and water absorbents, cover protective materials of various containers, wearing devices for 
perspiration absorption, etc. 

Conventional technology 

For removing water and odor, various studies have been made, and water absorbents such 
as water-absorbent paper and cottony pulps and highly water-absorbent resins, etc., are widely 
used. 

However, the recently, odor- and water-absorbent properties of magnesium 
silicate-containing clay minerals such as zeolites, attapulgite, etc., are recently of great interest. 
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The crystal structure of magnesium silicate-containing clay minerals shows the presence of many 
hydroxy groups on the surface, and these minerals are porous with a specific surface area about 
300 m 2 /g. Thus, such materials easily absorb water and are rich in adsorption of various 
materials and proposals have been made for using them as water-absorbing materials and 
adsorbents, together with other water absorbents. 

For example, in Japanese Kokai Patent Application No. Sho 61[1986]-58657, attapulgite 
microparticles are mixed with highly water-absorbent resins for increased water diffusion to 
obtain water absorbents with high water absorption effects. In Japanese Kokai Patent Application 
No. Sho 63[1988]-23662 are disclosed absorbent products with increased water absorption and 
odor suppression by using highly water-absorbent resins mixed with ion exchangers such as 
sepiolite, zeolites, ion-exchange resins, etc. 

Problems to be solved by the invention 

In conventional items, a water-absorbent layer is formed by mixing highly 
water-absorbent resins with magnesium silicate-containing clay minerals such as sepiolite, etc.; 
and the water absorption effect is somewhat improved and the highly water-absorbent resins 
swollen by water absorption surround the magnesium silicate-containing clay mineral; thus, the 
water absorption and deodorant effects intrinsic to the magnesium silicate-containing clay 
minerals cannot be displayed sufficiently. 

In the case of using magnesium silicate-containing clay minerals, conventionally they are 
used as microparticles below 10 ^im; thus there can be problems of dust in handling, such as 
breakdown of the manufacturing machines and dust in the air may be inhaled by workers, which 
may cause safety problems. In many cases, magnesium silicate-containing clay minerals are used 
in powder form, and even after being made into sheets, the magnesium silicate-containing clay 
minerals may migrate inside the sheets, causing local concentration problems. 

Thus, it is an object of the present invention to provide odor- and water-absorbent sheets 
having excellent performance properties with improved absorption of water and odorous 
substances mainly based on ammonia. 

Means for solving the problems , 

As a result of intense study of these facts, we have discovered sheets having excellent 
odor and water-absorption properties, by laminating a layer from magnesium silicate-containing 
clay mineral particles and a highly absorbent resin layer, with a cottony pulp-based fibrous 
absorbent layer in the middle. 
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In the present invention, the magnesium silicate-containing clay minerals are clay 
minerals having magnesium silicate as the main component and combinations of fibrous or 
acicular microcrystals and hydroxy groups rich in reactivity on the surface. The magnesium 
silicate-containing clay minerals themselves have properties of high water absorption. 

More specifically, they are sepiolite of mainly hydrated magnesium silicate, palygorskite 
of mainly hydrated magnesium aluminum silicate, attapulgite, etc., and they are also called 
mountain cork, mountain leather, mountain wood, etc. In Japan, kaihoseki [transliteration] is of 
this kind. 

When magnesium silicate-containing clay minerals are used in the present invention, the 
mineral as mined can be used after pulverization. The pulverized magnesium silicate-containing 
clay minerals usually have a size of 20-mesh under, 20-mesh over, namely in the range of 
74-840 \xm, preferably 42-mesh under and 100-mesh over, namely in the range of 149-350 ^m. 

By removing the fraction of 200-mesh under, dusting can be prevented during sheet 
manufacture, improving safety and preventing breakdown of the rotating part of the sheeting 
machine. Also, after being formed into a sheet, local accumulation of magnesium 
silicate-containing clay minerals in the sheets by falling magnesium silicate-containing clay 
mineral particles from the fibrous absorbent materials layer can be suppressed. When the 
particles are large, they interlace with fibers when dispersed on the fibrous absorbent layer, and 
are easily fixed in the sheet. 

Also, by removing 20-mesh over fractions, the contact area of the magnesium 
silicate-containing clay minerals, namely, effective adsorption area is increased and after being 
made into sheets, the sheet cushioning properties and a good feel can be maintained. 

In the present invention, the highly water-absorbent resins are the resins capable of 
absorbing 60-150 times their own weight in water. Specific examples of such resins are 
crosslinked polyacrylic acid sodium, saponified vinyl acetate-acrylic acid ester copolymers, 
saponified vinyl acetate-methyl maleate copolymer, crosslinked isobutyene-methyl maleate 
copolymer, saponified starch-acrylonitrile graft copolymer, starch-acrylic acid graft copolymer, 
polysaccharide-acrylic acid graft copolymer, cellulose-monochloroacetic acid reaction products 
crosslinked by CMC, crosslinked polyvinyl alcohol, crosslinked polyethylene oxide, etc. Other 
than powder form, such resins may be used in any form, including fibers, sheets, etc. When used 
in powder form, the particle size should be similar to the above magnesium silicate-containing 
clay mineral particles. 

In the present invention, as the fibrous absorbent layer, cottony pulp is used. The cottony 
pulp is obtained by chemical treatment of crushed wood to obtain pulp which is then pulverized 
to obtain a cottony texture. For example, kraft pulp treated with acid solution or sulfite pulp 
treated with alkali solution can be used. 
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In the present invention, the above magnesium silicate-containing clay mineral particles 
and the highly water-absorbent resins are laminated with the cottony pulp-based fibrous 
absorbent material layer in the middle, and they form independent layers. The magnesium 
silicate-containing clay mineral layer and the highly water-absorbent layers are placed 
separately, thus the water-swelled highly water-absorbent resin is prevented from surrounding 
the magnesium silicate-containing clay mineral particles, and the deodorizing action of the 
magnesium silicate-containing clay mineral can be displayed sufficiently. 

Based on the combined weight of the magnesium silicate-containing clay minerals and 
highly water-absorbent resins, the contents of the magnesium silicate-containing clay minerals 
and highly water-absorbent resins are preferably 40-75 wt% for the magnesium 
silicate-containing clay minerals and 25-60 wt% for the highly water-absorbent resins. It is 
possible to use the magnesium silicate-containing clay minerals above 75 wt%, but at a higher 
content, sheet forrnability decreases, while below 40 wt%, deodorant effects decrease. The 
amount of the fibrous absorbent materials used is not restricted in any particular way and is 
chosen appropriately according to the desired objects and properties. 

Specifically, in the case of disposable diapers, absorption capability enough for 2-3 times 
of 50 cc for children to 250 cc for adults. In the case of absorbing and holding urine, 1 g of 
highly water-absorbent resin is for 40 g and 1 g of magnesium silicate-containing clay minerals 
is for 1 g, and 1 g of fibrous absorbents is for 10 g. Thus, one sheet of disposable diaper may 
contain 5-20 g of the highly water-absorbent resins, and 3-15 g of magnesium silicate-containing 
clay mineral in the compound ratio given above. 

In making odor- and water-absorbing sheets of the present invention, in the above 
constitution, if needed, other water absorbents or waterproof sheets, etc., may be laminated, and 
the edges may be press-sealed to form sheets. More specifically, e.g., a polyethylene film-based 
waterproof sheet is laminated with a cottony pulp layer, highly water-absorbent resin layer, 
cottony pulp layer, magnesium silicate-containing clay mineral particle layer, and cottony pulp 
layer in that order, followed by overlaying a liquid-permeable nonwoven fabric on the top, 
pressing using an embossing roll, and heat-sealing the edges to obtain a sheet. 

The magnesium silicate-containing clay mineral and highly water-absorbent resin layers 
may be formed by spreading particles on the cottony pulp layer, followed by pressing to fix the 
particles inside the embossed patterns, preventing lateral movement. 

The sheet constitution is not limited to that described above. If the magnesium 
silicate-containing clay mineral and highly water-absorbent resin layers are separated by a 
cottony pulp-based fibrous absorbent material and are in independent layers, switching the layers 
from top to bottom is possible and the number of layers can be increased with desirable effects. 
For example, since the magnesium silicate-containing clay minerals are used in particle form, 
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increasing the amount used results in difficulty fixing them within the sheet. The limit is about 
150-180 g/m 2 . Above this range, the magnesium silicate-containing clay minerals may be used in 
many layers, with insertion of a cottony pulp-based fibrous absorbent layer between the layers. 

For further increasing the deodorizing effects, the magnesium silicate-containing clay 
mineral or highly water-absorbent resin layer may be mixed with other deodorants such as 
flavonoids, etc. If needed, perfumes, antiseptics, bactericides, antioxidants, colorants, etc., may 
be added. 

Function 

The excellent deodorizing properties displayed by the magnesium silicate-containing clay 
minerals are largely ascribed to the porous properties, due to the crystal structure and surface 
hydroxy groups rich in reactivity. Namely, malodorous substances, mainly ammonia, etc., are 
trapped by the bonding force of mainly hydrogen bonding with the surface hydroxy group, 
probably trapped by the physicochemical bonding force at the active sites centered around the 
lattice defect parts inside the porous material. The magnesium silicate-containing clay minerals 
have cation exchange reactivity unique to the clay minerals, thus even after water absorption, 
adsorption of cationic odorous materials, starting from the ammonium ion is possible in the 
liquid phase. 

In the present invention, the magnesium silicate-containing minerals and the highly 
water-absorbent resins are in independent layers, thus surrounding magnesium 
silicate-containing clay mineral particles by water-swelled highly water-absorbent resins does 
not occur, thus the above characteristics can be displayed fully. The cottony pulp-based fibrous 
absorbent layer separates each layer and promotes diffusion of absorbed water in the longitudinal 
or transverse direction. 

Examples 

Next, the present invention is explained in detail with examples. However, the present 
invention is not limited to such examples. 

Application Example 1 

For magnesium silicate-containing clay mineral, Turkey sepiolite was crudely pulverized 
using a jaw crusher, finely crushed using a pulverizer, and vibration-classified to obtain fine 
particles (size 74-840 ^m) free from 20-mesh over and 200-mesh under fractions. The highly 
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water-absorbent resin used was an acrylic resin Aqualic CA (tradename, product of Nippon 
Shokubai Co., a density of 0.62, particle size of 74-840 \im). 

They were used in making a sheet by laminating a polyethylene film (thickness 10 [im, 
first layer), cottony pulp (65 g/m 2 , second layer), highly water-absorbent resin (29 g/m 2 , third 
layer), cottony pulp (65 g/m 2 , fourth layer), sepiolite (29 g/m 2 , fifth layer), cottony pulp 
(65 g/m 2 , sixth layer), rayon nonwoven fabric (15 g/m 2 , seventh layer), in that order. 

In making sheets, using a sheeting machine (product of Zuiko Co.), as shown in the 
figure, on a sheet-like absorbent paper were spread evenly under vacuum cottony pulp, sepiolite, 
then cottony pulp particles, followed by pressing, forming a highly water-absorbent resin layer, 
cottony pulp, then absorbent paper, emboss-pressing at 130-150°C, and overlaying a nonwoven 
fabric on the sepiolite side and a polyethylene film on the highly water-absorbent resin side to 
obtain a 5 mm-thick sheet. 

The sheet obtained was subjected to ammonia absorption and water absorption tests as 
shown below. In the ammonia absorption test, the sheet was cut to 70 cm in length and 30 cm in 
width (area 2100 cm 2 ), placed in an acrylic box of inner volume 60 L, and 30 mL of an ammonia 
saline solution (1000 mL aqueous solution containing 4 mL of NaCl, 18 g of NaCl) was poured 
onto the sheet, followed by sealing the container, allowing to stand for 30 min, and measuring 
residual ammonia concentrations using a Kitakawa detector. Results are given in Table L 

In the saline solution absorption test, the sheet was cut to 6.35 cm in length and 6.3 cm in 
width (area 40 cm 2 ), stapled along the edge, dried at 105°C for 2 h, weighed (minus the staple 
weight), immersed in 100 mL of water at 20°C, sandwiched between plastic plates (1 1.5 cm x 6.3 
cm) for perspiration test, pressed under a 2 kg weight for 10 sec, weighed, and the water 
retention calculated per sheet (area 2100 cm 2 ). Results are given in Table I. 

For testing the feel in use, the touch by finger (rough feel) was evaluated. The sheet was 
placed in a vibration sieve container and the sieve operated for 5 min. The sheet was taken out 
and inspected for accumulation of sepiolite on the sheet surface. Test results for touch and for 
internal migration of sepiolite in the sheet are given in Table II. 
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Application Examples 2, 3 

The sample of Application Example 2 was prepared by repeating Application Example 1 
with 23 g/m 2 of sepiolite and 34 g/m 2 of highly water-absorbent resin. The sample of Application 
Example 3 was prepared by repeating Application Example 1 with 42 g/m 2 of sepiolite and 15 
g/m 2 of highly water-absorbent resin. An ammonia absorption test and saline solution absorption 
test were carried out similarly as in Application Example 1. Results are given in Table I. 

Comparative Example 1 

The fine sepiolite particles and highly water-absorbent resin used in Application 
Example 1 were mixed 1:1 and used as the absorbent layer. Namely, this mixture was used for 
the third layer and fifth layer in Application Example 1, and absorbent paper was inserted above 
and below the third and fifth layers to make a sheet similarly as in Application Example 1. Tests 
were carried out similarly as in Application Example 1. Results are given in Table I. 

Application Example 4 

A sheet was prepared similarly to Application Example 1 using sepiolite and highly 
water-absorbent resin of particle size 42-mesh under and 100-mesh over, namely, 149-350 ^im in 
the sheet of the constitution of Application Example 1. Scattering of dust, especially in pressing, 
was very small. The sheet obtained was tested as in Application Example 1. Results are given in 
Tables I and II. 

Application Example 5 

A sheet was prepared similarly to Application Example 1 with sepiolite and highly 
water-absorbent resin size 42-mesh under and 100-mesh over, namely, 149-350 Jim, amount of 
sepiolite layer 50 g/cm 2 and amount of highly water-absorbent resin 70 g/cm 2 . Tests were carried 
out as in Application Example 1. Results are given in Table I. 

Comparative Examples 2-4 

In the constitution of the sheet of Application Example 1, the sepiolite layer (fifth layer) 
was removed (Comparative Example 2), the highly water-absorbent resin layer (third layer) was 
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removed (Comparative Example 3), and both the sepiolite and highly water-absorbent resin 
layers were removed (Comparative Example 4). The sheets obtained were tested as in 
Application Example 1. Results are given in Table L 

Comparative Example 5 

Turkey sepiolite ore was crudely pulverized then/finely using a pulverizer and sieved to 
obtain particles containing 25 wt% of 20-mesh over and 15 wt% of 200-mesh under. 

The sepiolite obtained was used for the sepiolite layer (fifth layer) in the sheet of 
Application Example 1. The sheet obtained was tested for touch and migration inside the sheet as 
in Application Example 1. Results are given in Table H 

As clearly shown in Table n, the sheet of Comparative Example 5 was rough to the 
touch, and when the sheet was vibrated, the sepiolite particles migrated all the way to the back 
side of the polyethylene film, indicating problems in quality. 

Effects of the invention 

According to the present invention, by laminating a magnesium silicate-containing clay 
mineral layer and a highly water-absorbent resin layer as independent layers with a cottony 
pulp-based fibrous absorbent layer in the middle, odor- and water-absorbent sheets for removing 
water and odor, with excellent display of odor and water absorption properties of the magnesium 
silicate-containing clay minerals. 

Also, by setting the particle size of the magnesium silicate-containing clay minerals at 
certain range, localized accumulation of the magnesium silicate-containing clay mineral particles 
inside the sheet can be prevented, with improved sheet cushion properties and feel. Sheeting 
machine breakdown by adhesion of powders on the rotating part is also suppressed, along with 
scattering of powder dust during the process, enhancing safety. 

Also, in making sheets, it is not necessary to mix the magnesium silicate-containing clay 
minerals and the highly water-absorbent resins together, resulting in improved productivity. 

Brief explanation of figure 

The figure explains the odor- and water-absorbent sheet making process of the present 
invention. 
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Figure 5 
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(B*««ft* («*)». AA«. itfi0.62. 
840/<m) Srffl^/c. 

ZiXt>£W$l. m3.*\sV7 (JfSlOju 
m. Sll) £0±C. WttAVUr (65g/i», ^21) . 
SUSbWtffllB (29g/» 2 . IB 31) . WK/^r (65s/ 
m 2 , JR41) . -te^7-f h (29g/m 2 . ^51) . I&K 
40 (65S/B 2 , *61) . U—3y*«Wi ( 15g/n>2 . 

y- batman/- ( (ft) abeH) «■ 

W8Wctt«IB*)l*»i«L. S^CfWitWK'^ 
7. «*tt£3|V>rt:. CitS-130~150'C(C|)D». JaJIL 
Txy,tUruxaDl«:fi : ^-7/'v:f*. -fcK*^ MH*> 

50 7-f/UA$:MiaT)135nuiK7)-y-h$:}#^. 
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fcwni, ^-h$rft$70cn, 1§30cb (EflKlOOcni*) 

>-*-7±a£«* (28%NH40H4nl. NaCl8g££tfl000 
vim®) 30nl$r^-h(wiiAL. *ia§8££SlT 

3wnM«Lfcttfc:. lUil^fcasT-asrvt-rja 

±a*ffl*iaiRaWWcfcV^T«i. h££$6.35c 
id, H6.3cb (ffiS40cm2) fcflJKLTJS»£»iC*l$rl-> 
ipCt'yfJf^T'hft. 105 6 CT'2^raie«L. £1 

2(rcO*100Bl+tC3^ia««L. ffttUfflr?.*?-* 
?t£ (ll.5cmX6.3cn) Kj&A, 2kg£>S 0 TlOtMHaE 
lit. *^f£. Sft£«£L. v-httltt (SS2100 
cbM SO<OfiM<SS:»aJL^. Hlcf#f£-f 

ifc. flW*tli8IW-*§BtC^-h»<0«iI*>feill 
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itei^g/m 2 fc LfctilfttimtM 1 fc Htt^trffify 
-h«:fl*U:fctf>«:JIIIW2fcU:. Pl«StC. 

£*£l5g/V fc UciOS-fSJ&W 3 fc U Zti?tit,zr> 
SSIIIWlK^L/sSrffiT*, 7*y^^riSiRK«fc«tt>' 

HSfi^ l Tffl i tfrtWfttt-t 5 4 h fc S5«bktt^Si 
10 *^*H*-foJ:<ateU:t,<7>£JIWU cnsriaw 

$ 3 * fc j: if $ 5 it <, vm t isea^nw) wciBi 

£hfc*31fcJ:tff^lfl±Tfc**iR*ttt8E 
*i^£fcWHi»*« 1 fc R«<O^T'^- h £^8 I 

■th. 

20 i^a^-vN-. i-^b*, 149-350^ mfcUcWWi. 
m fcH«fcLTy-htft*Lfc. m.?4v. ftlz 

r^zi.mizmzvtm<r)mwitf'y%<8:#T'}>^t:. 

fir*ofctt**aiiJt*jJ:^jl2«fc:flHE-rs. 

*tf*7>f K *JJ:tyifinR*tt»l!B«e«*42^-yy 
aTyr, lOO*-/*'**- A*, -ffci, *> 149-350 *t m 
fcU -fef*7-f Mf)E-&*t50g/a* . fti&fcttMB 
I*«£*t70g/B* fc Lfcfc0Hi5t*fl 1 fc R*fcLT 
30 5^-h*f»!*LJt. «|«li:H«IMCttHtff*ofclS 
*t*lfK=»ltf*. 

<»51) «0ASrl^v^tWS:lt«M2. S®*tt^Bi 
« (JK3JI) 0*Srl»v^t«)*JtlM«l3, -fetr^7^ 
M. TO*tt»ll«^v^-mtl»^fct.<0*lfcK«4 

fcLTPwotfarcx-hfcfwu:. -eix-encov^ 
TR«(ca«*tT^o^«**3nii«c»ie-rs. 

Jt««5 

40 b>\,am-tV*74 bfSPE&WSiftltilk* W<5 
>f-fT-3<btlB*»<»»Lfcfc<Ot4MiL*^T*fflv^ 
/L*. ico-te*^ h »m*KOfiiJKSrP^^ fc ^ . 20 
> ••/ i/jL^- A' a a o*i25SA%. 200^< ••/ yirvWl 

mminn&nis-vizti^x . tt^^-f hi 

<*51) fc LTJJe^«L^v^t^7-f hSrffl^ 
fcCW4H«c LT x- h «rfW Lfc. *#<ott*:x- h 
^BH$'t>0fc-tt:^7^ KOy-M*j»»l=BW&l«il 
HJfcmfcfflttw^Tfffcvv em5-^2*(c» 
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